regard to the neurocutaneous sensory system concerning the extent and significance of interaction among stimuli at receptor endings and within the spinal cord ( 17, 20, 24, 25) . Receptors in the heart and central blood vessels offer unique advantages in study of such sensory interactions, since they are spontaneously, reproducibly, and rapidly excited by stimuli, and the activation rate and net effect can be modified over a wide range (2, 13). The spontaneous nature and precision of the stimuli favor the analyses of factors that may contribute to or modulate activity of receptors ( 1, 14) . The primary significance of the afferent information transmitted to the central nervous system is simply a function of rate of discharge occurring over time (4, 6, 9) , allowing a summation of responses of individual receptors to estimate the responses of a population (2, 13). The informational content and significance of the population responses may then be estimated by reflex studies ( 10).
Two types of ventricular receptors have been previously observed in the chicken. One manifests a random pattern of activity in respect to the cardiac cycle. The other type is activated to fire in a fairly constant time relationship to the ECG wave (7). These receptors were termed irregular and regular, respectively, after the terminology adopted by Coleridge et al. (5) In addition, the interaction between carbon dioxide and blood pressure levels on receptor activity was studied to provide data bearing on the general question of specificity of visceral receptors to their stimuli.
METHODS

White Leghorn
cocks, 12-18 weeks of age, were anesthetized with sodium pentobarbital. The thoracic and abdominal cavities were opened, air sacs were broken, and heated, humidified 02 and Ng, 1 liter/min each and 0.04 Jiter/min of carbon dioxide were passed unidirectionally through the lungs (7). The content of carbon dioxide in the gas used for artificial ventilation will be expressed as percent of the dry gas. The nodose ganglion, a sensory ganglion containing only soma of thoracic and abdominal sensory neurons and no synapsis, is located near the cranial margin of the thorax in birds. The ganglion and several millimeters of the vagus nerve caudal to the ganglion were dissected free of tissue. The sheath of loose connective tissue was slit to expose just the nodose ganglion.
The main trunk of the vagus was cut several millimeters cranial to the ganglion and again just cranial to the recurrent nerve. This procedure disrupted all afferent nerves of the isolated stretch of vagus nerve and ganglion except the caudal member of the pair of cardiac afferent nerves, which on the right side has been termed the depressor nerve (8).
The top surface of a stabilizing platform was grooved to accept an indifferent electrode and the ganglion. A cotton pellet saturated with a 0.5 % Ringer solution of collagenase was placed on the ganglion for 45 min before exploration with tungsten microelectrodes plated with gold and platinum to reduce 1 kHz impedence to less than 1 megohm. Extracellular action potentials, originating presumably from soma, were amplified differentially, referencing to the indifferent electrode immediately beneath the ganglion, to reduce interference from large ECG potentials originating from the heart a few centimeters distant to the recording site. The afferent activity in the ganglion, with all rami intact, is densely packed and the level is high. Successful isolation of single-unit activity requires selective denervation to reduce the total activity to just that in the rami of interest. After the denervation procedures followed, the remaining activity was restricted to one small medial region of the ganglion. The observed action potentials were normally distant from one another so that simultaneous recording of more than one unit at a signal-to-noise ratio greater than about 5 was extremely rate. Criteria for single-unit recording included constant spike amplitude and shape, a minimal interspike interval usually greater than 20 msec, and response to only one area of the heart when mechanically stimulated if the receptor area could be mechanically isolated with punctate stimulation. (Fig. IA) . Impulse generation from the total population fell on the average from 6.2 to 2.44 pps as percentage CO2 increased. The sensitivity of individual receptors to increased carbon dioxide varied from essentially no response to complete inhibition at higher CO2 levels. Most of the average response to CO2 occurred at levels below 7 % and in further experiments, lower levels of CO, were used. In a second series of experiments (Fig. l@ activity was determined from 27 left ventricular units recorded from the soma in both ganglia at levels from 0 to 5 % CO2 . No consistent differences were seen in response to CO2 from units whose soma were in the right or left ganglia. The average populational frequencies at 0 and 1% CO2 were similar, about 5 pps. An almost linear reduction of receptor activity occurred over the range from 1 to 4 % CO2 . The midpoint in the linear relation (ca. PacoZ of 18 mm Hg) is well below the normal for the chicken (ca. 28-30 mm Hg). Activity levels were altered more often in so-called irregular receptors that showed little or no relation to the heart beat than in regular receptors (Fig. 1C) . A kymographic representation of the dependence of activity of one irregular receptor on the level of CO2 is given in Fig. 2 . A 13-set record starting at the bottom was first made during the administration of 5 % CO2 . The discharges are sparse, and there is only a slight tendency for this irregularly firing unit to generate impulses in a set relationship to the ECG cycle. As is typical of irregular units, especially at high CO2 levels, the unit was quiescent in most cardiac cycles. At the point indicated CO2 was reduced to zero within the time of the double line. After several heart beats, a gradual increase in activity is seen, and within a few seconds many impulses are seen to occur with most at the same time delay after the R wave, i.e., it assumed a regular discharge pattern.
Thus, qualitative changes in the general type of discharge pattern as well as changes in quantitative stimulusresponse relations contributed to the average change in activity observed as percent CO2 was altered (Fig. 1, A and B) . The effects on eight regular (dashed line) and eight irregular (solid line) receptors were studied at a range of O-5 Yo CO2 (Fig. 1 C) . The average firing frequency ofthese eight regular receptors decreased from 4.6 to 2.7 pps, that is, from 1.2 to 0.7 impulses/beat as CO2 increased from 0 to 5 %. Irregular receptor activity fell from 5.4 to 0.6 pps over the same range. Activity in irregular receptors generally was a continuous function of percent CO2 , that is, the variable interspike intervals increased on the average as percent CO* increased. Regular receptors discharge normally only in reference to cardiac contraction.
As percent CO2 increased, most showed an abrupt integer reduction in discharges per cycle or increases in period from one per cycle to one per every two or three cycles. A fe\\T regular receptors abruptly ceased all activity over a narrow range of CO2 increase. Activity of irregular receptors often demonstrated a regular pattern at low CO2 levels (ex., Fig. 2 ), whereas that of a few regular units demonstrated a steady nonphasic discharge.
2) The levels of activity at various pH, as altered by CO2 were determined in both COz-sensitive irregular (Fig. 3 , A and B) and regular (Fig. 3, C, D , and E) receptors+ When pH, was subsequently reduced from the values observed at low CO2 by infusion of HCl, activity levels were poorly correlated and showed little stable relationship to pH, at the constant low CO2 l Units still showed large reductions of activity levels when CO2 was subsequently increased after HCl administration.
3) Activity levels of regular units at three levels of CO2 as influenced by injection of epinephrine or mecholyl chloride were determined.
The determinations were made after maximum area-induced effects and only as blood pressure was returning to preinjection values to reduce possible direct drug effects on receptor activity. Carbon dioxide did not influence blood pressure or heart rate in these or in 10 other animals (P > 0. l), nor was heart rate very sensitive to altered blood pressure in these deeply anesthetized animals. Nevertheless, afferent activity was expressed as the number of impulses per beat (IPB) to avoid any effect of heart rate. At all three levels of COZ, IPB increased in an approximately linear manner with systolic blood pressure from 96 to 180 mm Hg. In three units highly responsive to CO2 , higher IPB were found at a low than at a high CO2 . These differences were greater the higher the systolic blood pressure, the curves intersecting at about 0 IPB (Fig. 4A ) m Three other regular receptors that differed in showing little sensitivity to changes in CO2 also showed essentially the same slope of activity with changes in blood pressure, but the same three levels of CO2 had little influence on their responses (Fig.  4B ) .
DISCUSSION
The patterns of unit activity in the chicken at normal levels of Pace, resembled those observed from the dog ventricle (5, 23), in that two basic types are discernible: one that discharges each heart beat and an irregular type that has a slower random pattern of discharge. Yet, a pattern of activity specific for some receptors in the chicken was not immutable and might be altered to that characteristic of the other type by altering either blood pressure or CO2 . Some irregular units would occasionally follow the EGG cycle beat for beat for a few cycles and then revert to random a spontaneously at basal conditions. These observations of receptors firing then raise the question whether both "types" may indeed be just different states of a unitary receptor sys-;-i~/~~~ r:;;,; ;_/; ;;; tern. In any case there are receptors behavior, and the proposed bipartat essentially misleading.
Our results differ from Coleridge tha t can assume either :e cl assification mav be and her co-workers (5) in that they observed no significant alteration in activity patterns of the irregular ventricular receptors of the dog when the ventilatory gas was changed from air to gas with high carbon dioxide, whereas in the chicken both increased and decreased CO2 can have such effects. An increase in COZ above normal had only a small influence on irregular receptors, whereas reducing CO2 had striking effects. Pace, was not lowered below normal values by Coleridge et al. (5) so that a direct comparison of the sensitivities of irregular receptors in dog and in chicken to hypocapnia cannot be made.
Carbon dioxide did not act as an adequate stimulus per se in COa-sensitive ventricular receptors but only had a modifying influence on their response to blood pressure and to the mechanical events of the cardiac cycle; thus, CO2 did not influence the minimum pressure at which impulses were generated but only the increase in impulse generation as blood pressure increased.
The range of CO2 used for testing approximated the physiological range observed in the chicken as can be seen in the following data. In unanesthetized chickens pH, is 7. 45-7.50 and Pacog is [28] [29] [30] 15, 16) . In avian spontaneous respiration, the tensions of arterial blood and airway carbon dioxide are not always equal (22) . However, the CO2 in the unidirectionally ventilated animal at a body temperature of 41.5 C is equal to 4.0 % at a PacOg of about 28 mm Hg. In this study, a CO2 of 3 % was associated with a pH of 7.5. The lower PacOz than normal at a pH, of 7.5 in these studies is probably due to a mild metabolic acidosis associated with the deep anesthesia and low Pace, maintained during preparation and testing. In the hyperthermic panting animal, pH, values above 7.9 have been reported associated with a pronounced hypocapnia, PacOa of 6-12 mm Hg ( 15, 16). The pH, of 7.8 at 0.5 % CO2 is thus near the lower limit of the physiological range* The observed differences between activity at pH, values induced by carbon dioxide and those induced by acid infusion may reflect the general differences between the effects of extracellular hydrogen ion concentration and carbon dioxide tension reported for nervous tissue (19, 26) . Alternately, the differences may reflect a time lag in the transfer of hydrogen ion to an extracellular compartment, although different time lags for each receptor would be necessary to account for the differences noted among receptors. After the infusion, pH& values drifted slowly toward higher values (not shown), but only insignificant changes in the frequencies of discharge were noted in several afferents tested.
When these observations are coupled with the inhibition of activity of avian ventricular receptors at high PacOa , it is probably that the mechanism by which CO2 and pH effect impulse generation is quite different from the one by which these effect impulse generation in the carotid body. The responses of the chicken ventricular afferents to these chemical agents are similar to those of cutaneous receptors ( 19, 26) . They are also in some ways similar to the response of certain cutaneous receptors to touch and temperature stimuli. Thermal receptors, the temperature-sensitive mechanoreceptors, and mechanoreceptors have responses of greatly different static and dynamic sensitivities to the modalities. Hensel ( 11) and Iggo (12) d fi e ne criteria for separation of these receptors into two classes, various types of mechanoreceptors, some thermally sensitive, and the '(true" temperature receptors. These criteria include criti cal comparison of sensitivity to specific modalities among receptors in the same general area and comparison of stimulus-response relations to sensation in m an. Applying such criteria, one could question the role of irregular units in regulation of blood pressur e. Yet conversion of one type into the other was seen 0 bscurin g an a ssignment of function to eit her type.
The threefold increase in activity of the avian ventricular receptors observed as blood pressure increased from noninjection levels (Fig. 4) could contribute to the reflex regulation of blood pressure in the chicken, as the activity of mammalian ventricular receptors is reported to do even at normal blood pressure levels ( 17). However, the COz-induced alterations in discharge are of a similar magnitude and might thus induce reflex responses. Alterations in Pace, and pH, have little effect on central blood pressure of the unanesthetized chicken ( 15, 16) . In this preparation, the levels of CO2 employed did not affect heart rate or blood pressure but in more lightly anesthetized chickens similarly ventilated in a study of reflex effects of CO2 f blood pressure and heart rate were depressed only 20 mm Hg and 20 BPM, respectively, as CO2 was reduced from 5 to 0 % (2 1). This low relative sensitivity of blood pressure and heart rate to alterations in CO2 may reflect the low importance of all ventricular receptors or at least the irregular receptors in cardiovascular regulation
